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Description 

[0001] The present invention relates to catalyst compositions comprising metallocene complexes and their use in 
the polymerisation of olefins. 

s [0002] Metallocene complexes of Group IVA metals such as (cyclopentadienyOgZrClg are known as homogeneous 
polyolefin catalysts when used in the presence of a suitable co-catalyst. Such catalyst systems have proven to be 
highly active towards ethylene and alpha olefins fonming narrow molecular weight distribution polyolefins. 
[0003] It would be highly desirable to provide catalyst compositions which may be used, particularly in the gas phase, 
to provide greater flexibility in the range of polymers produced. 

10 [0004] We have now discovered a group of metallocene complexes comprising at least one specific Lewis base 
functionality Such complexes may be used in the polymerisation of olefins. 

[0005] Accordingly, the present invention provides a catalyst composition comprising (a) at least one metallocene 
complex of the general formula I or M 

M[X(R)J^Yp (I) 



wherein 



YpM^ ^2 (II) 



R is a univalent or divalent 1-20C hydrocarbyl, or a 1-20C hydrocarbyl containing substituent oxygen, silicon, 
phosphorus, nitrogen or sulfur atoms with the proviso that at least one R group contains a Lewis base functionality 
and when there are two or more R groups present they may be the same or different, and when R is divalent it is 
directly attached to M, and replaces a y ligand, wherein 

M is a Group IVA metal, 

Y is a univalent anionic ligand, 

X is an organic group containing a cyclopentadienyl nucleus and for formula I 
n is an integer of 1 to 10 
X is either 1 or 2, and 

when X = 1 , p = 0 - 3, that is, when all R are univalent, p = 3; when one R is divalent, p = 2; when two Rs are 
divalent, p = 1 and when three Rs are divalent, p = 0, . 

when X = 2, p = 0 - 2, that is when all R are univalent, p = 2; when one R is divalent, p = 1 ; when two Rs are 
divalent, p = 0, and for formula II, 

n and m are integers or 0 such that n + m>1,p = 0-2. 

Z is a to C4 alkylene radical or a dialkyi germanium or silicon or an alkyi phosphine or amine radical or bis- 
dialkylsilyl or bis-dialkylgermanyl containing hydrocarbyl groups having 1 to 4 carbon atoms bridging the cyclopen- 
tadienyl nuclei and (b) an inorganic support to which the metallocene complex (a) has been bound without using 
an aluminoxane. 

[0006] The metallocene complex of the present invention is a Group IVAmetalloceneof general formula I or 1 1 wherein 
M is suitably hafnium, zirconium or titanium. Preferably M is zirconium. 
so [0007] In the metallocene complex of general formula I or II. X comprises a cyclopentadienyl nucleus. Suitably X 
represents a single ring cycbpentadienyl nucleus or a fused ring one such as indenyl or tetrahydroindenyl or fluorenyl 
nucleus. 

[0008] At least one R contains one or more Lewis base functionalities. By a "Lewis base functbnality" is meant a 
functional group with at least one donatable electron pair. Suitable examples of Lewis base functionalities include 
alcohols, ethers, carboxylic acid esters, amino groups, and their second row analogues. By second row anabgue is 
meant the corresponding phosphorus or sulfur group. Where R is divalent, and replaces a Y ligand, it may also contain 
a Lewis Base functionality additional to the moiety directly attached to the metal M. The functionality may be attached 
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to the moiety, or elsewhere within R. Where R is divalent and does not contain an additional Lewis Base functionality, 
there must be more than one R group present in the complex to ensure that at least one Lewis Base functionality is 
present which is not directly attached to the metal M. 

[0009] Where R contains an alcohol, an ether, an amine, a phosphine, a thiol, or a thioether group, suitably R is of 
5 general formula III 

-(R%-W (III) 

fo where q is 0 or an integer, e.g. 1-4, preferably 1. R2 is a divalent hydrocarbyl group having 1 to 20 carbon atoms. 
Suitably R2 may be an alkylene having 1 to 6 carbon atoms, e.g. 1 .2 ethylene, 1 .2 or 1 ,3 propylene or a cycloalkylene 
of suitably 5 to 7 carbon atoms or an aromatic hydrocarbyl of 6 to 20 carbon atoms. For an alcoholic functionality, W 
is -OH; for an ether functionality, W is -OR^; for an amine functionality, W is -NR^R^; for a phosphine functionality, W 
is -PR®R7; for a thiol functionality, W is -SH; for a thioether functionality, W is -SR®. 

1$ [001 0] R^-RB are monovalent hydrocarbyl groups of suitably 1 to 20 carbon atoms such as an alkyi group, for example 
methyl or ethyl or a cycloalkyi group, e.g. cyclohexyl groups or aromatic hydrocarbyl. e.g. phenyl. One or more of R^- 
R7 may also be H. R^-R® may also contain aditlonal Lewis basic functionalities, for example when W is -OR^.RS could 
be -CH2CH2-, and R3 could be the polyether group -(CH2CH20)n-CH3, where n is 1-6, preferably 3. 
[0011] Examples of suitable ether groups are 3-alkoxy alkylene and 2-alkoxy alkylene such as 2-methoxy or 2 ethoxy 

20 ethylene or alkoxy phenyl ether. The analogous sulfur thio ether groups may also be used. 

[001 2] Furthermore, may be a trivalent hydrocarbyl group and together with one of R^-R^ may form a ring saturated 
or unsaturated of suitably 4 to 6 carbon atoms for bonding to X directly as in tetrahydro-3-furanmethyl or tetrahydro- 
2-furanmethyl. Analogous sulphur thio ether groups, cyclic amino, or cyclic phosphido groups may also be used. 
[001 3] Where R of general formula I or 11 is a carboxylic acid ester group, suitable groups may be of general formula 

2S iVorV 



46 



so 



-R®[-CO-OR^°] (IV) 



-r"[-OOCR^^) (V) 



wherein R^ and R^^ are independently a divalent hydrocarbyl group, for example, as described for R^ above, especially 
methylene and ethylene. R"'^ and R^^ are independently a hydrocarbyl group, for example, as described for R^-R^ 
above, especially an alkyI group of 1 to 10 carbon atoms such as methyl or ethyl. Examples of such ester groups are 
alkoxycarbonyialkylene such as ethoxy carbonylethylene and alkanoyloxymethylene such as acetoxy-m ethylene or 
ethylene. R^o and Ri^ may also contain additional Lewis basic functionalities. 

[0014] Furthermore, R® or R^^ may be a trivalent hydrocarbyl group and together with Rio or R12 respectively may 
form a cyclk: ester or lactone. 

[0015] Y In general formula I or II is a univalent anionic ligand. Suitably, the ligand is selected from hydrogen; halides, 
e.g. chloride or bromide; unsubstituted hydrocarbyls, e.g. of 1 to 10 carbon atoms such as methyl or ethyl; alkoxide 
such as ethoxides or methoxide; amide or phosphide, e.g. a dialkylamide or a dialkyi or alkyI aryl phosphide group 
with 1 to 10 carbon atoms in each alkoxide or alkyI group in Y and 6 to 20 carbon atoms in the aryl group. 
[0016] The preferred metallocene complex of general formula I is when: 

M is zirconium 

R is an ether group or a thioether group 

X is a cyclopentadienyl group 

Y is chloride, 

n is 1 or 5, and 

X is 2, and 

pis 2. 

[0017] The most preferred metallocene complex is when R is tetrahydro-3-furanmethyl in particular the complex 
having the formula: 
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[0018] The preferred metallocene complex of general formula II is when: 



IS 



M is zirconium 

R is an ether group or a thioether group 
X is an indenyl group 
Y is chloride 
n = m = 1 
1=0, and 

Z is a Ci to C4 alkylene or a bis-dimethylsilyl containing to C4 hydrocarbyl group. 
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[0019] The most preferred metallocene complex is when R is tetrahydro-3-furanm ethyl. 

[0020] Examples of suitable metallocene complexes of general formula t and general formula II are illustrated in the 

25 attached Figures 1 and 2 respectively. 

[0021] The metallocene complexes of general formula I where X=2, and general formula II may suitably be prepared 
by reacting a suitable group IVA metal salt of the general formula MY2CI2 with a cyclopentadienyl anion of the general 
formula [X(R„)]M2 or [X(R)n-ZR,-X(R) JM22, where X(R„) is defined previously. Suitably is a cation of a Group I 
metal, preferably Li. Na or especially K. It is preferred that the group IVA metal salt is atetrahalide salt, most preferably 

30 the tetrachloride salt. It is preferred that the preparation of the metallocene complex is carried out In the presence of 
an anhydrous organic solvent such as an aliphatic ether, e.g. diethyl ether or an aromatic hydrocarbon such as toluene 
or a cyclic ether, e.g. tetrahydrofuran and under dry nitrogen. The preferred conditions are in the presence of tetrahy- 
drofuran and under nitrogen. 

[0022] The salts of general formula [X(Rn)]f^2 and [X(R)„-ZR,-X(R)^]M22 may be prepared by any suitable method 
35 from the corresponding compounds of formula X(Rn)H and [X(R)„H-ZR,-X(R)^H] by reaction with a suitable metal or 
organo hydrocarbyl metal compound. Suitably the metal is a Group I metal selected from lithium, sodium, or potassium. 
The organo hydrocarbyl metal compound is suitably an organo hydrocarbyl alkali metal compound such as an alkyi or 
phenyl lithium, sodium, or potassium compound, preferably a lithium compound. 

[0023] The compound X(Rn)H may itself be formed by reaction of a compound of general formula [X(Rn.-| )H]M3 with 
^0 R-R" where is an alkali metal, R is as defined above and R" is a suitable leaving group under nucleophilic conditions. 
For example, R-R" may be tetrahydro-3-furanmethylbromide or tetrahydro-S-furanmethyltosylate. Additional groups of 
general formula R may be added to the cyclopentadienyl nucleus through repetition of this procedure. Alternatively, [X 
(Rn)H]M3 and [X(R JHjfy/P may be reacted with ZR,R"2 to form [X(R)nH-ZR,-X(R)^H]. 

[0024] Where it is desired to prepare the metallocene complex of general formula I wherein x is 1 , the complex may 
45 suitably be'prepared using procedures where typically the cyclopentadlene compound X(R)nH would be reacted with 
a metallatrng agent where the metal (VK) is a group I alkali metal to provide X(R)oM'* Metallating agents include K, n- 
BuLi or MeLi. Suitably X(R)pM^ is then reacted with trimethylsilyl chloride in an appropriate solvent to provide (MegSi) 
X(R)f,. Further reaction with a group IVA metal salt, for example the metal halide, will suitably provide a metallocene 
complex of general formula M[X(R)n)Y3. This synthesis is particularly preferred for the preparation of mono-cyclopen- 
50 tadienyl titanium complexes. 

[0025] If desired, the complex of general formula I wherein Y is halide may be converted into the complex of general 
formula I wherein Y is another specified group by reaction of the halide with an appropriate nucleophile, e.g. an alkoxide. 
[0026] One or more metallocenes of general formula I or II are supported on an inorganic support to give a catalyst 
composition which forms one aspect of the present invention. Suitably, the supported metalk>cene complex of general 
55 formula I or II comprises from 0.05 to 50% w/w of the catalyst composition. Any suitable inorganic support may be 
used, for example, inorganic oxides such as silica, alumina, silica-alumina mixtures, thoria, zirconia, magnesia, titania 
and mixtures thereof. Suitably, inorganic halides maybe used. Suitable halides include group II halides, e.g. magnesium 
chloride. 
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[0027] One or more metallocene complexes of general formula I or 1 1 may also be supported on a support which has 
been impregnated with a Lewis acid. Suitable Lewis acids include Group VA, VIA halides, Group III, )V, VB halides and 
hydrocarbyl halides. Examples of such Lewis acids are BF3, BC\^, AICI3, AIEtCl2. AlEtgCI, PCI3 and PCIg. 
[0028] Additionally, the inorganic support may be a component which itself may have polymerisation activity, to give 

s a catalyst composition which comprises another aspect of the present invention. Suitably the metallocenes may be 
supported on a supported olefin polymerisation catalyst, especially where the support is magnesium chloride or silica. 
Suitably, supported Ziegler catalysts may be used to support one or more metallocene complexes. Other suitable 
supported olefin polymerisation catalysts may be prepared from precursors which include VCI4, VCI3, VCI2, NbCIs, 
TaCl5, CrCis, CrClg, M0CI5, WCI5, TiCl4, TiCIa and ZrGl4. Such supported olefin polymerisation catalysts are well known 

10 and their preparation are well described in the literature. 

[0029] The metallocene complexes of general formula I or II may suitably be impregnated onto the support material 
under anhydrous conditions and under an inert atmosphere. 

[0030] Suitably, catalyst compositions of the present invention may be mixed with a co-catalyst. Suitable co-catalysts 
include organometallic compounds of a metal of Group I. 11 or III of the periodic table, especially lA, IIA or B, NIB. 

IS Preferably, the metals are selected from the group including lithium, aluminium, magnesium, zinc and boron. Such co- 
catalysts are known for their use in polymerisation reactions, especially the polymerisation of olefins, and include 
organo aluminium compounds such as trialkyi, alkyi hydrido, alkylhalo andalkyi atkoxy aluminium compounds. Suitably 
each alkyI or alkoxy group contains 1-16 carbons. Examples of such compounds Include trimethyl aluminium, triethy- 
laluminium diethyl aluminium hydride, trllsobutyl aluminium, tridecyl aluminium, tridodecyl aluminium, diethyl aluminium 

20 methoxide, diethyl aluminium ethoxide, diethyl aluminium phenoxide, diethyl aluminium chloride, ethyl aluminium 
dichloride, methyl diethoxy aluminium and methyluminoxane. The preferred compound is an alkyI aluminoxane, the 
alky I group having 1 to 10 carbon atoms, especially methyl aluminoxane. Where Y of general formula I or II is hydrogen 
or hydrocarbyl, suitable co-catalysts also Include Bronsted and Lewis acids. 

[0031] The co-catalyst may simply be mixed with the catalyst composition. Alternatively, the co-catalyst may be 
25 added to the polymerisation medium along with the catalyst composition. Suitably, the amount of co-catalyst mixed 
with the metallocene complex may be such as to provide an atom ratio of M from the metallocene to the metal in the 
co-catalyst of 1-10,000:10,000-1 for aluminoxanes and 1-100:100-1 tor other co-catalysts. 

[0032] It is a particular advantage of this invention that an active catalyst composition comprising a metallocene 
complex may be supported on an inorganic oxide or metal haltde without using cocatafysts such as aluminoxanes as 
30 the means of support. Aluminoxanes are expensive and difficult to handle and it is desirable to minimise their use. 
Conventionally, they are used both as a means of binding metallocenes to inorganic supports and as cocatalysts. The 
current invention obviates the need for aluminoxanes as a means of binding. This allows their use as cocatalysts only 
or not at all by selecting alternative cocatalysts, eg. Bronsted or Lewis Acids. 

[0033] The catalyst composition of the present invention In the presence of a co-catalyst may be used as a catalyst 
35 in the polymerisation of olefins or may suitably be used to prepare a prepolymer which may then be used as a catalyst 
in the polymerisation reaction. The prepolymer is a catalytically active polymer. The prepolymer is usually a mixture of 
a low yield polymer and the catalyst. 

[0034] Where it is desired to use a prepolymer in the polymerisation reaction, the catalyst prepolymer may suitably 
be prepared by heating an olefin in the presence of a catalyst composition of the invention usually in the presence of 
40 an inert solvent and/or a suitable co-catalyst, as detailed herein before. 

[0035] The polymerisation process comprises contacting the monomer or monomers, optionally in the presence of 
hydrogen, with the catalyst composition, and in the presence of a co-catalyst at a temperature and pressure sufficient 
to initiate the polymerisation reaction. 

[0036] Where the polymerisation reaction is carried out using a catalyst composition comprising two or more metal- 
45 locene complexes of general formula I or II or at least one metallocene complex of general formula I or II supported 

on a support capable of showing polymerisation activity, there may suitably be at least two classes of active site. If 
desired, both active sites may be retained during the olefin polymerisation reaction to provide a final polymer comprising 
polyolefins with differing molecular weight and/or branch distribution. Such polymers may have a bimodal molecular 
weight distribution. Alternatively, one active site In the catalyst composition, in particular the active site due to the non- 
50 metallocene catalyst, may be deactivated or not activated prior to use in the polymerisation reaction, the resulting 
polyolefin having a uniform molecular weight and/or branch distribution due to the metallocene component alone. The 
latter option may be achieved by, for example, selectively deactivating the active site of the non-metallocene catalyst 
by chemical treatment or choosing a non-metallocene catalyst and/or conditions which give rise to very low polymer- 
isation activity relative to that of the metallocene sites. Alternatively, the relative proportions of the two catalytically 
ss active components of the prepolymer composition may be chosen to adjust the polymerisation catalyst activity to give 
the desired polymer properties. Suitably, where one or more active sites need a co-catalyst, the co-catalyst or co- 
catalysts may be added at different times and in different orders of addition to obtain different products. 
[0037] The polymerisation reactk)n may suitably be carried out using solution polymerisation, slurry polymerisation 
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or gas phase polymerisation techniques. Methods and apparatus for effecting such polymerisation reactions are well 
known and described in, for exannple. Encyclopaedia of Polymer Science and Engineering published by John Wiley 
and Sons, 1 987, Volume 7, pages 480 to 488 and 1 988, Volume 1 2. pages 504 to 541 . The catalysts according to the 
present invention can be used in similar amounts and under similar conditions to known olefin polymerisation catalysts. 
s [0038] The polymerisation may optbnaily be carried out in the presence of hydrogen. Hydrogen or other suitable 
chain transfer agents may be employed in the polymerisation to control the molecular weight of the produced potyolefin. 
The amount of hydrogen may be such that the percentage of the partial pressure of hydrogen to that of olefin(s) is 
from 0.001-200%, preferably from 0.01-50%. 

[0039] Typically, the temperature is from 30 to IIO'^C for the slurry or "particle form" process or for the gas phase 
10 process. For the solution process the temperature is typically from 100 to 250**C. The pressure used can be selected 
from a relatively wide range of suitable pressures, e.g. from subatmospheric to about 350 MPa. Suitably the pressure 
is from atmospheric to about 6.9 MPa, but may be from 0.05-10, especially 0.14 to 5.5 MPa. In the slurry or particle 
form process the process is suitably performed with a liquid inert diluent such as a saturated aliphatic hydrocarbon. 
Suitably the hydrocarbon is a C4 to C^q '^y^'^^^^'^'^^"' ^ isobutane or an aromatic hydrocarbon liquid such as benzene, 
IS toluene or xylene. The polymer is recovered directly from the gas phase process or by filtration or evaporation from 
the slurry process or evaporation from the solution process. 

[0040] The invention also includes polymers obtainable by a process using a catalyst according to the present in- 
vention. 

20 Melt Index Measurement 

[0041] The Melt Index (Ml) of the polymers produced was determined according to ASTM D1238 Condition E, 2.16 
kg at ^90''C while the High Load Melt Index (HLMI) was according to ASTM D1238 condition F, 21.6 kg at 190^*0. 

25 Method for Measuring the Molecular Weight Distribution 

[0042] The molecular weight distribution of a (co)polymer is calculated according to the ratio of the weight-average 
molecular weight, Mw, to the number-average molecular weight distribution cun^e obtained by means of a "WATERS" 
(trademark) model "150 C" gel permeation chromatograph (High Temperature Size Exclusion Chromatograph), the 
30 operating conditions being the following: 

solvent: 1,2,4-trichlorobenzene; 
solvent flow rate: 1 .0 ml/minute; 

three "SHODEX" (trademark) model "AT 80 MS" columns of 25 cm length are employed; 
35 - temperature: 145*'C: 

sample concentration: 0.1% by weight; 
injection volume: 500 microlitres; 

Universal standardisation using monodisperse polystyrene fractions. 

40 [0043] The present invention will now be further illustrated with reference to the following examples: 

[0044] All of the reactions and purifications detailed below involving organometallic species were carried out under 
a dry nitrogen atmosphere using standard vacuum-line techniques. Tetrahydrofuran and diethyl ether were dried over 
sodium benzophenone ketyl and distilled. Toluene and alkanes were dried over sodium-potassium and distilled. Dichb- 
romethane was dried over 4A molecular sieves. All other reagents were used as received. 

45 

Example 1: Preparation of Bis(methoxvethvtevclopentadienvl) Zirconium Dichloride 
[0045] 

SO (a) Methoxvethvl Tosvlate 

To a solution of 1 00 g (525 mmol) p-toluenesulphonyl chloride in 200 ml of dry pyridine cooled to O^C was 
slowly added 19.8 g (260 mmol) 2-methoxyethanol. The reaction solution was thoroughly mixed and allowed to 
stand in a refrigerator at -5^C overnight. The reaction mixture was then poured with stirring into 800 g of ice/water. 
The oily tosylate produced was taken up in 500 ml of diethyl ether and the aqueous layer extracted twice with 500 

ss ml aliquots of diethyl ether The combined ethereal fractions were washed twice with 500 ml of cold 1 :1 hydrochloric 

acid to remove pyridine and then with 500 ml water, dried over potassium carbonate and magnesium sulphate and 
decolourised with activated carbon. The solution was filtered and the ether removed under reduced pressure to 
give a pale yellow oil. The oil was washed several times with petroleum ether and dried under vacuum to give a 
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spectroscopically CH NMR) pure product (19.7 g. 85.7 mmol, yield = 32.9%). 

(b) 2-methoxvethvlcvclopentadiene 

To a solution of 19.7 g(85.7 mmol) 2-methoxyethyltosylate as prepared In step (a) in 200 ml THF cooled to 
O^C was added 55 ml of 2.0 M (110 mmol) sodium cyclopentadienylide in THF. The reaction mixture was allowed 

5 to warm to room temperature and was stirred for 16 h. 100 ml concentrated aqueous saline solution was added 

and the product extracted with diethyl ether (3 x 75 ml). The combined organic fractions were dried over sodium 
sulphate for 16 hrs, filtered and the solvents removed under reduced pressure using a rotary evaporator to yield 
a brown oil. The crude product was distilled under reduced pressure (b.p. 40-44°C at 2-3 mm Hg) to give 4.5 g of 
a colourless oil (37.7 mmol, 44.0%). 

10 (c) Bis(2-methoxvethvlcvclopentadienvl) Zirconium Dichloride 

A solution of 4.5 g (37.7 mmol) 2-methoxyethylcyclopentadiene in 50 ml THF was added to 2.20 g (58.0 mmol) 
clean, dry potassium metal under nitrogen. This was stirred for two hours at room temperature and warmed to 
40^*0 for a further two hours. After cooling, the solution was filtered and the remaining potassium washed, dried 
and weighed. The yield of potassium 2-methoxyethylcyclopentadienylide (KCp*) was calculated to be 4.20 g (26.4 

IS mmol). The KCp* solution was added to a slurry of 3.03 g (13.0 mmol) zirconium tetrachloride in 20 ml THF and 

stirred for two hours. Approximately 0.5 ml water was added to the reaction vessel and the volatiles removed under 
reduced pressure. The residue was extracted with diethyl ether and filtered. The volume of ether was reduced 
under vacuum until precipitation began. Cooling to -50''C in a low temperature freezer yielded 3.50 g of product 
as colourless needles (8.58 mmol, 66.0%), shown to be spectroscopically pure by NMR. 

20 

Example 2: Preparation of Bis(2-tetrahvdrofurfurvlcvclopentadienvn Zirconium Dichloride 
[0046] 

2S (a) Tetrahydrofurfuryltosyiate 

To a solution of 100 g (525 mmol) p-toluenesulphonyl chloride in 200 ml of dry pyridine cooled to 0*C was 
slowly added 25 g (245 mmol) tetrahydrof urfurylalcohol. The reaction solution was thoroughly mixed and allowed 
to stand in a refrigerator at -5''C overnight. The reaction mixture was then poured with stirring into 1200 g of ice/ 
water. The oily tosylate produced was taken up in 300 ml of diethyl ether and the aqueous layer extracted twice 

30 with 300 ml aliquots of diethyl ether. The combined ethereal fractions were washed twice with 300 ml of cold 1 :1 

hydrochloric acid to remove pyridine and then with 300 ml water, dried over potassium carbonate and sodium 
sulphate and decolourised with activated carbon. The solution was filtered and the ether removed under reduced 
pressure to give the product as white crystalline flakes. These were washed several times with hexane and dried 
under vacuum to yield 54.5 g spectroscopically (^H NMR) pure product (213 mmol. 86.0%). 

35 (b) Tetrahydrof urfurylcyclopentadiene 

To a solution of 26.0 g (101 mmol) tetrahydrofurfuryltosyiate prepared according to step (a) above in 200 ml 
THF cooled to 0°C was added 63 ml of 2.0 M (1 26 mmol) sodium cyclopentadienylide in THF. The reaction mixture 
was allowed to warm to room temperature and was stirred for 16 h. 100 ml concentrated aqueous saline solution 
was then added to the mixture and the product extracted with diethyl ether (3 x 75 ml). The combined organic 

40 fractions were dried over sodium sulphate for 16 h. filtered and the solvents removed under reduced pressure 

using a rotary evaporator to yield a brown oil. The crude product was distilled under reduced pressure (b.p. 32-34°C 
at 0.3-0.4 mm Hg) to give 7.1 g of a colourless oil (47.3 mmol, 46.9%). 

(c) Bis(2-tetrahvdrofurfurvl-cvclopentadienvn Zirconium Dichtoride 

A solution of 7.0 g (46.7 mmol) tetrahydrofurfurylcyctopentadiene prepared according to step (b) above in 50 
45 ml THF was added to 1 .82 g (46.5 mmol) clean, dry potassium metal under nitrogen. This was stirred for two hours 

at room temperature and was then warmed to 40**C for a further two hours. After cooling, the solution was filtered 
and the remaining potassium washed, dried and weighed. The yield of potassium tetrahydrofurfury I -cyclopentadi- 
enylide (KCp') was calculated to be 6.26 g (33.3 mmol). The KCp' solution was added to 3.73 g (16.0 mmol) 
zirconium tetrachloride in 20 ml THF and stirred for two hours. Approximately 0.5 ml water was added to the 
so reaction vessel and the volatiles removed under reduced pressure. The residue was extracted with diethyl ether 

and filtered. The volume of ether was reduced under vacuum until precipitation began. Cooling to -50''C in a low 
temperature freezer yielded 4.50 g (9.78 mmol, 61.1%) of product as colourless needles shown to be spectroscop- 
ically pure by ^H NMR. 

55 
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Example 3: Preparation of Bisftetrahydro-S-furanmethylcvclopentadienyl) Zirconium Dichloride 



[0047] 

5 (a) Tetrahvdro-3-tufanmethyltosvlate 

To a solution of 100 g (525 mmol) p-toluenesulphonyl chloride in 200 ml dry pyridine cooled to O^C was slowly 
added 25 g (245 mmol) tetrahydro-3-fu ran methanol. The reaction solution was thoroughly mixed and allowed to 
stand in a refrigerator at -5'C overnight. The reaction mixture was then poured with stirring into 1200 g of ice/ 
water. The oily tosylate produced was taken up in 300 ml of diethyl ether and the aqueous layer extracted twice 

10 with 300 ml altquots of diethyl ether. The combined ethereal fractions were washed twice with 300 ml of cold 1:1 

hydrochloric acid to remove pyridine and then with 300 ml water, dried over potassium carbonate and sodium 
sulphate and decolourised with activated carbon. The solution was filtered and the ether removed on a rotary 
evaporator The light-yellow oily residue was repeatedly extracted with pentane (4 x 500 ml aliquots) with spec- 
troscopically pure product (^H NMR) precipitated from the solutions as a white solid on rapid cooling to -78''C 

IS (combined yield = 35.0 g, 137 mmol, 55.9%). 

(b) Tetrahydro-3-furanmethylcvclopentadlene 

To a solution of 26.0 g (101 mmol) tetrahydro-3-furanmethyltosylate prepared according to step (a) above in 
200 ml THF cooled to O^C was added 63 ml of 2.0 M (1 26 mmol) sodium cyclopentadienylide In THF. The reaction 
mixture was allowed to wamri to room temperature and was stirred for 16 h. 1 00 ml concentrated aqueous saline 
20 solution was added and the product extracted with diethyl ether (3 x 75 ml). The combined organic fractions were 

dried over sodium sulphate for 16 hrs, filtered and the solvents removed under reduced pressure to give a brown 
oil. The crude product was distilled under reduced pressure (b.p. 49-52'C at 0.3-0.4 mm Hg) to give 6.35 g of 
colourless oil (42.3 mmol, 41 .9%). 

(c) Bis(tetrahvdro-3-furanmethvlcvclopentadienvl) Zirconium Dichloride 

25 A solution of 6.30 g (42.0 mmol) tetrahydro-3-furanmethylcyclopentadiene prepared according to step 2(c) 

above in 50 ml THF was added to 1.65 g (43.0 mmol) clean, dry potassium metal under nitrogen. The reaction 
mixture was stirred for two hours at room temperature and then warmed to 40° C for a further two hours. After 
cooling, the solution was filtered and the remaining potassium washed, dried and weighed. The yield of potassium 
tetrahydro-3-furanmethylcyclopentadienylide (KCp") was calculated to be 4.91 g (26.1 mmol). The KCp" solution 

30 vvas added to a slurry of 3.04 g (1 3.0 mmol) zirconium tetrachloride in 20 ml THF and stirred for two hours. Ap- 

proximately 0.5 ml water was added to the reaction Schlenk tube and then the volatiles were removed under 
reduced pressure. The residue was extracted with ether and filtered. The volume of ether was reduced under 
vacuum until precipitation commenced. Cooling to -50°C in a low temperature freezer yielded 1 .95 g of product 
(4.24 mmol, 32.6%) as colourless needles, spectroscopically pure by ^H NMR. 

35 

Example 4: Preparation of Silica Supported Ziegler Catalyst 

[0048] 2 g of silica (Crosfield Grade EP10; dried in flowing dry nitrogen at SOO^C) was slurried with n-heptane (10 
ml). 10 ml of butylmagnesium chloride solution (2 M in diethylether) was added dropwise with stirring. The resulting 
40 mixture was stirred at room temperature, for one hour, filtered and washed with 10 ml of n-heptane. Filtration and 
washing was repeated and the solid then pumped free of solvent. The solid was then re-slurried with n-heptane (10 
ml) and 5 m) of titanium tetrachloride solution (1 M in toluene) added dropwise with stirring. The mixture was then 
stirred for one hour at room temperature, filtered, washed and pumped free of solvent as detailed previously. 

45 Example 5: Preparation of Metallocene Complex Supported on a Silica Supported Ziegler Catalyst 

[0049] The product of Example 4 was slurried in 5 ml of toluene. To this slurry was added 10 ml of bis(tetrahydro- 
3-furanmethylcyclopentadienyl) zirconium dichloride prepared according to Example 3 (0.092 g metallocene in 10 ml 
toluene). The mixture was stirred at room temperature for one hour then filtered and washed with toluene (10 ml). 
so Filtration and washing was repeated twice. The resulting solid was pumped free of solvent. 

Example 6: Preparation of Methyl Aluminoxane (MAO) 

[0050] To 45.0 g (71 mmol) of finely ground aluminium sulphate hydrate dispersed in 300 ml toluene cooled to O^C 
ss was slowly added 400 ml of 2.0 M (0.8 mol) trimethylaluminium in toluene. The reactbn mixture was stirred for 12 
hours at ambient temperature and then for four hours at 40'^C. after which time the obsen/ed evolution of methane gas 
was negligible. The cooled MAO solution was then filtered into a storage vessel from which aliquots were transferred 
by cannula as required. The concentration of MAO was calculated to be 24 mg/mi (36.3% yield) by weighing the residue 



8 



EP 0 608 054 B1 



obtained upon removal of volatiles under vacuum from a small sample of the solution. 
Example 7: Polymerisation of Ethylene 

s [0051] The reaction was carried out in 3-titre autoclave reactor which was operated under constant pressure condi- 
tions. A supported metallocene complex prepared according to any of the examples described herein and methylalu- 
minoxane prepared according to Example 6 in toluene solution were charged to the purged reactor (At/Zr 1 200: 1 molar 
ratio). 1.5 litres of isobutane (research grade) were added with the required amount of hydrogen. The temperature of 
the reactor was raised to 75^C and ethylene added to maintain a constant total pressure of 400 psi. The reaction was 

10 allowed to continue with stirring at 600 rpm for approximately one hour. The ethylene flow was then terminated and 
the reactor vented to atmospheric pressure. The polymer was isolated, washed with methanol and vacuum dried. 

Comparative Example 1 

IS [0052] The process of Example 7 was repeated using only the silica supported Ziegler catalyst prepared according 
to Example 4. 

Example 8 

20 Preparation of Metallocene Complex Supported on a Silica Supported Ziegler Catalyst 

[0053] The procedure of Example 5 was followed, except that 0.25gg of metallocene was used. 
Example 9 

25 

Preparation of Metallocene Complex Supported on a Silica Supported Ziegler Catalyst 

[0054] The procedure of Example 5 was followed, except that 0.576g of metallocene was used. 

[0055] The Analysis of the resulting polymers prepared in the above examples are given in the accompanying Table. 

30 

Example 10 

Preparation and Ethylene Polymerisation with Silica Supported Metallocene Catalyst 

35 [0056] 1 .97g silica (Crosfield grade EP10, heated to BOO'C in flowing nitrogen for 6h) was slurried in heptane (50ml). 
To this was added diethylaluminium chloride solution (1 M in hexane, 2.4ml) dropwise at 20*C with stirring. After 1 h the 
slurry was filtered and the residue washed with heptane (50ml), followed by filtration. This was repeated twice more, 
then the residue was slurried in toluene (50ml). To this was added bis(tetrahydro-3-furanmethylcyclopentadienyl) zir- 
conium dichlorlde solution (0. 1 9g metallocene in 10ml toluene) dropwise at 20'*C with stirring. After 1 .5h the slurry was 

40 filtered and washed using toluene, following the procedure above, then traces of solvent were removed under vacuum 
at 20''C to leave a free-flowing solid, 1 .24%w/w Zr. 

[0057] Ethylene polymerisation was carried out as in Example 7, using a hydrogen partial pressure of 20psi and an 
Al/Zr ratio of 1825, to give an activity of 384gPE/mmol2r.h.bar. The polymer was low molecular weight and narrow 
polydispersity (Mw 3700, PD 4.1). Polymerisation at 1.7psi hydrogen and an Al/Zr ratio of 1200 gave an activity of 
45 312gPE/mmolZr.h.bar (Mw 79000, PD 4.1 ). 



TABLE 1 



so 



55 



Catalyst Example 


H2 Partial Pressure/psI 


Activity gPE/mmol Metal.h.bar 


HLMI 


Ml 


MIR 


5 


20 


41 


2.92 


0.10 


29 


8 


20 


87 


3.43 


0.09 


38 


9 


20 


147 


19.8 


0.24 


83 


CE1 


20 


106 


3.34 


0.11 


31 


9 


100 


98 


164.7 


1.39 


119 


CE1 


100 


59 


18.4 


0.5 


37 
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TABLE 1 (continued) 
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Catalyst Example 


H2 Partial Presdure/psi 


Activity gPE/mmol l\/letal.h.bar 


HLMI 


IMI 


MIR 


5 


1.7 


119 


* 






9 


1.7 


320 


0.47 


0.01 


47 


9 


50 


92 


20.9 


0.39 


53 


81 


20 


63 


0.12 


* 




81 


100 


85 


1.36 


0.03 


45 


91 


20 


395 


25 


0.04 


625 



* Too low for measurement 

NB. Polymerisations carried out as described in Example 7 except for entries marked ^ in which the AiyZr was 7200:1 . 

f5 

Claims 



1. A catalyst composition tor use in the polymerisation of olefins characterised in that it comprises (a) at least one 
metallocene complex of general formula I or II. 

20 

M[X(R)nlxYp (I) 



25 



YpM 




(11) 



30 



wherein 



R is a univalent or divalent 1-20C hydrocarbyl, or a 1-20C hydrocarbyl containing substituent oxygen, silicon, 
phosphorous, nitrogen or sulfur atoms with the proviso that at least one R group contains a Lewis base func- 
tionality and when there are two or nrrare R groups present they may be the same or different and when R is 
divalent it is directly attached to M and replaces a Y ligand, and wherein M is a Group IVA metal 
Y is a univalent anionic ligand. 

X is an organic group containing a cyclopentadienyl nucleus 
and for Formula I 

40 

n is an Integer of 1 to 1 0 
X is either 1 or 2. and 
p = 0-3, and 

for formula II 



n and m are integers or 0 such that n+m > 1 and p = 0-2, and 

Z is a to C4 alkylene radical or a dialkyi germanium or silicon or an alkyi phosphine or amine radical or bis- 
dialkylsilyl or bis-dialkylgermanyl containing hydrocarbyl groups having 1 to 4 carbon atoms bridging the cy- 
clopentadienyl nuclei 

and (b) an inorganic support to which the metallocene complex (a) has been bound without using an alumi- 
noxane. 

2. A composition according to claim 1 in which M is zirconium. 

3. A catalyst composition according to either of the preceeding claims in which the Lewis base functionality is provided 
by an alcohol, ether, carboxylic acid ester, amino, phosphine, thiol or thioether group. 
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4. A catatyst composition according to claim 1 wherein the metaliocene complex has the general formula I wherein 

M is zirconium 

R is an ether or thioether group 
X is a cyclopentadienyl group 
Y is chloride 
n is 1 or 5 
X is 2, and 
p is 2. 

5. A catalyst composition according to claim 1 In which the support is selected from silica, alumina, and Group II A 

metal halides. 

6. A catalyst composition according to claim 1 in which the support is impregnated with a Lewis acid. 

7. A catalyst composition according to claim 6 in which the Lewis acid is selected from Group VA, VIA halides. Group 
IIIB. IVB and VB halides and hydrocarbyl halides. 

8. A catalyst composition according to claim 1 in which the support has polymerisation activity. 

9. A catalyst composition according to claim 8 in which the support is a Ziegler catalyst. 

10. A catalyst composition according to claim 1 mixed with a co-catalyst. 

11. A catalyst composition according to claim 1 0 in which the co-catalyst is an organo aluminium compound. 

12. A metaliocene complex having the formula: 



13. A process for the polymerisation of olefins which comprises contacting at least one olefin monomer with a catalyst 
composition according to claim 1 at a temperature and pressure sufficient to initiate the polymerisation reaction. 

14. A process according to claim 13 in which the olefin monomer is ethylene. 

15. A process according to claims 13 wherein the polymerisation is carried out in the gas phase. 

Patentan sprue he 

1. Katalysator-Zusammensetzung zur Verwendung bei der Polymerisation von Olefinen, dadurch gekennzeichnet, 
da3 sie umfaBt (a) mindestens einen Metallocenkomplex der allgemeinen Formel I Oder II: 




M[X(R)J^Yp 



0) 
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/ 





/ 



Z 



(II) 



worm 



R einen einwertigen oder zweiwertigen Kohlenwasserstoffrest mrt 1-20 Kohlenstoffatomen Oder einen Koh- 
lenwasserstoffrest mit 1-20 Kohlenstoffatomen, der a!s Substituent Sauerstoff-, Siliziunn-. Phosphor-, Stick- 
stoff- Oder Schwefelatonne enthalt, darstellt, mit der MaBgabe, da3 mlndestens eine Gruppe R eine Lewis- 
Base-Funktronalitat enthalt und wenn zwei Oder nnehrere Gruppen R voriiegen, sie gleich oder verschieden 
sein konnen, und wenn R zweiwertig ist, es direkt an M gebunden 1st und einen Liganden Y ersetzt, und worin 
M ein Metal! der Gruppe IVA darstellt, 

Y ein einwertiger antonischer Ligand ist. 

X eine organische Gruppe. die einen Cyclopentadienylkem enthalt, ist und 

fur Formel I: 

n eine ganze Zahl von 1 bis 10 ist, 
X entweder 1 oder 2 ist und 
p = 0-3 und 

fur Formel II: 

n und m eine ganze Zahl oder 0 sind, so daB n-i-m s 1 und p = 0-2, und 

Z einen -C4-Alkylen- Oder einen Dialkylgermanium- oder -silizium- oder einen Alkylphosphin- Oder Amin- 
oder Bisdialkytsilyl- oder Bisdialkylgermanylrest, enthaltend Kohlenwasserstoffreste mit 1 bis 4 Kohlenstoff- 
atomen. der die Cyclopentadienylkerne uberbruckt. darstellt 

und (b) einen anorganischen Trager, an den der Metallocenkomplex (a) ohne Verwendung von Aluminoxan 
gebunden wurde. 

Zusammensetzung nach Anspruch 1 , wobei M Zirconium darstellt. 

Katalysator-Zusammensetzung nach einem der vorangehenden Anspruche, wobei die Lewls-Base-Funktionalltat 
durch erne Alkohol-. Ether-, Carbonsaureester-. Amino-. Phosphin-, Thiol- oder Thioethergruppe bereitgestellt 
wird. 

Katalysator-Zusammensetzung nach Anspruch 1 , wobei der Metallocenkomplex die allgemeine Formel t aufweist, 
worin 

M Zirconium darstellt. 

R eine Ether- oder Thioethergruppe darstellt, 
X eine Cyclopentadrenylgruppe darstellt, 

Y Chlorid darstellt, 
n 1 Oder 5 ist, 

X 2 ist und 
p 2 ist. 

Katalysator-Zusammensetzung nach Anspruch 1, wobei der Trager ausgewahit ist aus Siliziumdioxid, Aluminium- 
oxid und Metallhalogeniden der Gruppe 1 1 A. 

Katalysator-Zusammensetzung nach Anspruch 1, wobei der Trager mit einer Lewls-Saure impragniert ist. 



Katalysator-Zusammensetzung nach Anspruch 6, wobei die Lewis-Saure ausgewahit ist aus HalogenWen der 
Gruppe VA. VIA, Halogeniden der Gruppe IIIB, IVB und VB und Kohlenwasserstoffhalogeniden. 
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8. Katalysator-Zusammensetzung nach Anspruch 1 , wobei der Trager Polymerisationsaktivitat aufweist. 

9. Katalysator-Zusammensetzung nach Anspruch 8, wobei der Trager ein Ziegler-Katalysator ist. 

10. Katalysator-Zusammensetzung nach Anspruch 1, vermischt mit einem Cokatalysator. 

11. Katalysator-Zusammensetzung nach Anspruch 10, wobei der Cokatalysator eine Organoaluminiumverbindung 

darsteilt. 

12. Metallocenkomplex der Formal: 




13. Verfahren zur Poiymerisation von Olefinen, das Inkontaktbringen mindestens eines Oleflnmonomers mit einer 
Katalysator-Zusammensetzung nach Anspruch 1 bei einer Temperatur und einem Druck. ausreichend zum Start 
der Poiymerisationsreaktion, umtaBt. 

14. Verfahren nach Anspruch 13. wobei das Olefinmonomer Ethylen darsteilt. 

15. Verfahren nach Anspruch 13, wobei die Polymerisation in der Gasphase ausgefuhrt wird. 

Revendieations 

1. Composition de catalyseur destinee a etre utilisee dans la polymerisation d'olefines, caract^risee en ce qu'elle 
comprend (a) au moins un complexe du type metaliocene de formule generale I ou li : 

M[X(R)„],,Y (I) 



YnM 




(11) 



dans laquelle 

R repr6sente un groupe hydrocarbyfe en C^ k CgQ. univalent ou divalent, ou groupe hydrocarbyle en C, k Cgo 

contenant comme substituants des atomes d'oxyg^ne, de silicium, de phosphore, d'azote ou de soufre, sous 

reserve qu'au moins un groupe R contienne une fonctionnalit^ du type base de Lewis et» lorsque deux ou plus 

de deux groupes R sont presents, ces groupes R puissent dtre identiques ou diffdrents et, lorsque R est 

divalent, il soit fix6 directement ^ M et remplace un ligand Y. et 

M repr^sente un mdtal du Groupe IVA, 

Y reprdsente un ligand anionique univalent, 

X reprdsente un groupe organique contenant un noyau cyclopentadidnylique et, 
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pour la formule t 

n reprdsente un nombre entier de 1 ^10, 
X est dgal ^1 ou 2. et 
s pa une valeur de 0 ^ 3, et 

pour la formule II 

n et m representent des nombres entiers ou sent 6gaux k 0, de telle sorte que la somme n+m soit 6gale ou 
10 superieure ^ 1 , et p a une valeur de 0 ^ 2, et 

Z represente un radical alkylene en a C4 ou un radical dialkyl-germaniunn ou -silicium, ou un radical alkyl- 
phosphine ou -amine, ou un radical bis-dialkylsilyle ou bis-dialkylgermanyle, contenant des groupes hydro- 
carbyle ayant 1^4 atonnes de carbone assurant le pontage des noyaux cyclopentadi6nyle, et (b) un support 
inorganlque auquel le comptexe consistant en le metallocene (a) a ete lie sans utiliser un aluminoxane. 

15 

2. Composition suivant la revendicatlon 1 , dans laquelle M represente le zirconium. 

3. Composition de catalyseur suivant I'une des revendications prdc^dentes, dans laquelle la fonctionnalitd du type 
base de Lewis est foumie par un groupe alcool, Sther, ester d'acide carboxylique, amino, phosphine, thiol ou 

20 thlo6ther. 

4. Composition de catalyseur suivant la revendicatlon 1, dans laquelle le complexe consistant en un mdtalioc^ne 
repond a la formule generate I, dans laquelle : 

2S M repr6sente le zirconium, 

R represente un groupe 6ther ou thio6ther, 

X repr6sente un groupe cyciopentadi6nyle, 

Y represente I'bn chlorure, 

n est egal ^ 1 ou 5, 
30 X est egal a 2. et 

p est egal k 2. 

5. Composition de catalyseur suivant la revendicatlon 1, dans laquelle le support est choisi entre la silice, I'alumine 
et des halogenures de metaux du Groupe MA. 

35 

6. Composition de catalyseur suivant la revendicatlon 1 , dans laquelle le support est impregne avec un acide de 
Lewis. 

7. Composition de catalyseur suivant la revendication 6. dans laquelle I'acide de Lewis est choisi parmi des haloge- 
^0 nures d'eiements des Groupes VA et VIA, des halogenures d'eiements des Groupes NIB. IVB et VB, et des haloge- 
nures d'hydrocarbyle. 

8. Composition de catalyseur suivant la revendication 1 , dans laquelle le support a une activite de polymerisation. 
45 9. Composition de catalyseur suivant la revendication 8, dans laquelle le support est un catalyseur de Ziegler. 

10. Composition de catalyseur suivant la revendication 1 , meiang§e k un cocatalyseur. 

11. Composition de catalyseur suivant la revendication 10, dans laquelle le cocatalyseur est un compose organique 
so d'aluminium. 

12. Complexe consistant en un metallocene repondant k la formule : 
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5 




13. Proc6d6 pour la polymerisation d'ol6fines. qui comprend la mise en contact d'au moins un monom6re ol6finique 
avec une composition de catalyseur suivant la revendlcation 1 , k une temperature et une presslon suffisantes pour 
declencher la reaction de polymerisation. 

IS 

14. Proc^de suivant la revendicatlon 13, dans lequel le monomdre oiefinique est I'dthyl^ne. 

15. Procedd suivant la revendicatlon 13, dans lequei la polymerisation est effectude en phase gazeuse. 

20 
25 
30 
35 
40 
45 
SO 
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FIG. 1 Examples for Metallocenes of Formula I. 
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FIG. 2 Example for Metallocenes of Formula E. 
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